ABSTRACT
INTRODUCTION
The new electro-hydraulic actuator consists of a hydraulic cylinder mounted on servo-valve system presented in the Figure 1 , discussed in Barbosa [7, 8] and can perform high linear force, widely applied on linear servomechanisms, e. g. the well-known Thrust Vector Assembly (TVA) or nozzle as shown in the Figure1. A complete knowledge of its dynamics is of very interest for control system design [1, 12] , primordially in rockets attitude control design [13] (Sounding Rockets or Launchers). The Figure 1 (left) presents the actual Brazilian hydraulic actuator being developed at DCTA-IAE. The Figure 2 shows the mechanical cylinder, the linear motion sensor and the digital controller in closed-loop operation, discussed in [8] . The modeling process of such multi-disciplinary system is done using mechanical and electronic classical laws: Newton's laws, Fluid Dynamics, Navier-Stokes Equation, Biot-Savart law and Fluid Continuity Equation [3, 4] , aided by Bond-Graphs technique [5, 11] . 
SYSTEM MODELING
The TVA system consists of a nozzle or divergent and a flexible joint controlled by a hydraulic actuator, shown in the Figure 3 , and the hydraulic subsystem is modeled as an equivalent Wheatstone Bridge. 
and the linearized flow equations are
while applying the Newton's law to the piston we get
and the magnet-force using the Biot-Savart law becomes
The input voltage to force acting to the spool transfer function is
A linear state space model is obtained from the modeling process as follows. The state space model, Eq. (9), is used for open and closed-loop system identification and after that, the discrete controller design is based on these plant discrete models. 
DIGITAL CONTROLLER DESIGN
The predictive control strategy was applied to obtain a digital closed-loop control based on the discrete models obtained from the linear system identification using experimental data. The predictive controller assumes a 40 step prediction and step of 1 ms of time duration. The predictive control implementation is based on a matrix predictor as the following equation
where the size of ̂-vedtor is the prediction window. In this work the predictor adopted is an adaptation of Eq (10), in the following equation
The ̂ and ̂-vectors are as follows
The predictive control implementation can be stated as a simultaneous design of F, C and H blocks, in the block structure represented in the Figure ( A cost function is described in the matrix equation and the problem turns on analogous to the Least Squared Problem (LS), so that do exist an optimum solution -and unique -to the parameters. The Akaike information criterion (AIC) is a fined technique based on in-sample fit to estimate the likelihood of a model to predict and to estimate the future values. It uses the information theory and entropy to determine the best regression. The experimental data used for the AIC, and several discrete models were tested regarding to the numerator and denominator order, and the best discrete model obtained consists of one discrete zero and one discrete pole. Assuming the low order equivalent system (LOES) as a typical discrete model, Equation 13 The cost function used for model parameters determination becomes ( ) = 0.5
SYSTEM IDENTIFICATION AND TEST RESULTS

Experimental test was
, where the e-vector is the error vector, Q is the inverse of the error covariance matrix, I is the cost and θ is the parameters vector. The discrete model validation was performed using another different signal time history, e.g. a unit-step was used. The predictions to the discrete model are shown in the Figures 6 and 7. The experimental tests were performed using a real-time system named CompactRIO based on the FPGA architecture. The Figures 7 show the results obtained using a step as excitation.
CONCLUSIONS
Step-unit response requirements were obtained from the implementation of the predictive controller, validating the control design. The low order equivalent system discrete model obtained from linear system identification can represent the dynamics of the hydraulic actuator (electronics, servo-valve, cylinder and LVDT linear position sensor) and many control strategies can be accessed to improve time performance due to unit-step of excitation in order to obtain the best closed-loop bandwidth. The linear models were obtained from system linearization, in some cases assuming simplification hypothesis to the nonlinear dynamics, e. g., the electro-magnetic force and fluid flow equation.
This work has shown reliability on model identification procedures that are common in the literature, as the Akaike Information Criterion (to obtain the best model order) and minimization of cost functions (to obtain the best model for a given order). As exposed above, the identification of a low order plant and the development of a controller were obtained very successfully with the presented theory.
